SECURITY  CLASSif'CATiON  QF  Th.S  PAGt 

REPORT  DOCUMENTATI 

TT  REPORT  SECUR.TY  t.ASVf  CANON  ^ 

■  ■■l,.nc]iaSiiiUuU _  y*%>|  \  Vi 

2a  SECURITY  CLASSIFICATION  AUThORIT* ?  I  *^Vet£«!fc 


AD-A266  483 


<rn  Approve? 
',18  No  0/CW-O  Is 


2b  DECLASS  s  TIC  A  TlOM  I  OOWNGRA^| 


4  PERFORMING  ORGANIZATION  REP 


a  mCrt 


Approved  for  public  re  least; 
Distribution  is  unlimited 


A  MONITORING  ORGAN.2AT.ON  REPORT  Nc.V8£R,S) 


6a.  NAME  Of  PERFORMING  ORGANIZATION  6o  OFFICE  SYMBOL  7a.  NAME  Of  MON, TOR. NG  ORGAN  ZATiON 
Division  of  Blood  Research  (if  applicable) 

SGRD-n.Z-BR  US  Qrmy  Medical  Research  and  Develonrert 


6c.  A00RES5  (Ot>,  Stare.  and  ZIP  Code) 

Let ter^an  Arrv  Institute  of  Research 
Bids  1 i 10 

Presidio  of  San  Francisco.  r\  Qi  K>d_A<cnfi 


3a.  NAME  Of  FUNOiNC/ SPONSORING 
ORGANIZATION 


7d  ADDRESS  (Cf ry.  Stare,  and  Zip  Code) 
it.  Detrick 

Frederick,  MD  21701-5012 


oo  OfF.CE  SYMBOL  9  PROCUREMENT  INSTRJMEN"’  ,DE N*.f >CA*  ON  NUMBER 
(if  applicable) 


8c  ADDRESS  (Cry,  State,  and  ZIP  Code) 


0  SCARCE  Of  fU 


PROGRAM  PRO.ECT 

ELEMENT  NO.  NO 

hi  102 A  BS 1 4 


*AS< 

NO 

S  i  a  /  B 


•V0R<  UN  * 
ACCESS  ON 


11.  TiTlE  (include  Security  Classification) 

Kinetic  3tud\  of  tne  Reduction  of  Methcmoglobi 
Analvzer 

n  with  Ascorbate  Using  a  CGBAS-FAR/  Centrifugal 

12,  PERSONAL  AUTHOR(S) 

Kilian  Dill  and  Evelyn  Me Gown 

Methods 


16  SUPPLEMENTARY  NOTATION 


93  April  16 


COSATI  COOES  13  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  numdeN 

FIELD  1  GROUP  I  SUB-GROUP  n„,c 


CA8AS-FARA,  assay 


19  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Data  supporting  use  of  a  centrifugal  analyzer  such  as  the  COBAS-FARA  to  studv  the  reduction 
of  methemoglobin  with  ascorbic  acid.  This  assay  system  could  also  be  used  to  investigate 
the  kinetics  of  other  biological  systems. 


Ininiii 


20  DISTRIBUTION /AVAILABILITY  Of  ABSTRACT  21  ABSTRACT  SECURITY  CLASSIFICATION 

GkUNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  Q  0TlC  USERS  UNCLASSIFIED 


,.  NAME  Of  RESPONSIBLE  INDIVIDUAL  22o  TELEPHONE  (Include  Area  Code)  22 c  OFFICE  SYMBOL 

iin  R .  Hess,  COL,  MC,  Commanding  (415)  561-2891  SCRD-HZ 


DD  Form  1473,  JUN  86 


Previous  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  This  PACT 


FNCLASS } F I FD 
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Iron(Ill)  hemoglobin  (methemoglobin)  can  be  reduced  by  a 
number  of  methods,  both  enzymic  and  chemical  (1-3),  but  all  of  the 
methods  produce  unwanted  by-products.  Recently,  we  showed  that 
hydrogen  gas  in  the  presence  of  a  heterogeneous  catalyst  can  be  used 
to  regenerate  functional  hemoglobin  and  that  the  by-product  (H+) 
can  be  buffered  (3,4). 

Since  1942  ascorbic  acid  has  been  recognized  as  a  mild  reducing 
agent  for  methemoglobin  (5),  although  optimizing  its  use  for 
regeneration  of  Iron(II)  hemoglobin  requires  the  removal  of 
deleterious  by-products  by  dialysis  or  chromatography  (6-8).  We 
have  demonstrated  that  erythrocytes  reduce  extracellular 
methemoglobin  by  utilizing  ascorbic  acid  as  an  electron 
shuttling-agent  (2).  Since  ascorbate  is  a  potentially  useful  reducing 
agent  to  regenerate  hemoglobin,  we  used  a  COBAS-FARA  (Roche 


Instruments)  instrument  with  a  modified  program  to  investigate  the 
reduction  kinetics  based  on  initial-rate  data. 


Stroma-free  hemoglobin  was  obtained  from  the  Letterman  Army 
Institute  of  Research  hemoglobin  production  facility.  It  was  oxidized 
with  a  20%  excess  of  ferricyanide  and  dialyzed  against  distilled  water 
to  remove  hexacyanoferrate  ions.  The  kinetic  protocol  was  as 
follows:  Ascorbic  acid  stock  solutions  were  freshly  prepared  (0.075  - 
1.2  M)  and  placed  into  sample  cups.  The  instrument  was 
programmed  to  pipet  5  pL  of  each  ascorbic  acid  solution  into  a 
cuvette  with  150  pL  of  0.2  M  phosphate  buffer,  pH  7.0.  The  cuvettes 
were  spun  to  ensure  mixing.  A  50  pL  aliquot  of  stock  hemoglobin 
solution  was  added  to  each  cuvette  and  the  reactions  were  initiated 
by  spinning  the  rotor.  Ag3o  readings  were  taken  at  5  s  intervals  for 
3  minutes.  The  final  reaction  mixtures  in  the  cuvettes  contained  1.8 
mM  heme,  1.25  -  20  mM  ascorbic  acid,  and  0.1  M  phosphate  buffer 
in  a  final  volume  of  300  pL  (including  water  diluents  associated  with 
the  automatic  pipetting  system). 

Fig.  1  shows  a  typical  plot  of  the  kinetics  (initial  rate  data)  of  the 
reduction  of  1.8  mM  of  100%  methemoglobin  by  20  mM  ascorbate. 

As  can  be  seen,  a  straight  line  was  observed  over  the  short  time 
interval  studied.  Plots  for  the  lower  concentrations  of  ascorbic  acid 
were  similar  to  Fig.  1,  except  that  the  data  were  more  scattered.  The 


short  reaction  time  (3  min)  was  chosen  to  minimize  back  reaction 
(reoxidation)  and  possible  side  reactions  with  oxygen. 

Fig.  2  is  a  plot  of  the  initial  rate  of  methemoglobin  reduction  vs. 


d[MetHbJ/dt  =  kJHemej'iAscorbatej1.  These  results  can  only  be 
explained  as  a  reduction  of  heme  via  a  concomitant  one-electron 
oxidation  of  the  ascorbate  to  the  relatively  stable  ascorbate  radical, 
which  apparently  does  not  afford  further  reduction  (9). 

Presumably  our  results  represent  a  reduction  of  the  f) -chains  of 
hemoglobin  because  they  are  preferentially  reduced  by  ascorbic  acid 
(6,7).  We  also  investigated  the  reduction  of  hemoglobin/methemoglobin 
mixtures.  This  system  was  complicated  by  the  presence  of 
oxyhemoglobin  that  produced  side  reactions  (5,8,10).  We  found  biui  the 
rates  of  reduction  of  42%  methemoglobin  samples  (1.8  m\l  total  heme) 
were  always  about  10-fold  lower  than  those  observed  for  the 
corresponding  100%  methemoglobin  samples.  Nevertheless,  we 
observed  linear  initial  rates  for  the  reductions  with  a  direct  first  order 
dependence  on  ascorbate  concentration.  By-products  such  as  hydroxyl 
radicals  (from  the  reaction  of  oxyhemoglobin  with  ascorbate)  appear  to 
reduce  the  reaction  rate  significantly  (8).  The  most  pronounced  effects 
on  our  initial  rates  were  observed  at  the  lowest  ascorbate 
concentrations. 

The  data  clearly  show  that  a  centrifugal  analyzer  such  as  the 
COBAS-FARA  may  be  used  to  study  the  reduction  of  methemoglobin 
with  ascorbic  acid.  The  kinetic  data  can  be  obtained  quickly  and 
accurately,  and  this  assay  system  could  readily  be  used  to  investigate 
the  kinetics  of  other  biological  systems. 
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FIGURE  LEGENDS 


FIG.  1.  Kinetics  of  the  reduction  of  ~1.8  mM  methemoglobin  (100% 
Met)  with  20  mM  ascorbate.  Optical  readings  were  taken 
every  5  seconds.  Each  data  point  represents  the  average  of 
two  data  sets. 

FIG.  2.  Plot  of  the  rate  of  Methemoglobin  reduction  as  a  function  of 
ascorbate.  Data  were  taken  from  100%  MetHb  data  and  the 
negative  rates  (for  the  reduction  of  MetHb)  are  redefined  as 
positive  values. 
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